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(57) Abstract: A digital data transmitter comprising a transmission side (100) and a receiving side (200). The transmission side is 
provided with a binary-to-quaternary conversion section ( 1 10) for converting a data sequence, an encoding section (1 20) for encoding 
the converted data by mapping, a digital filter (130X a D/A conversion section (140), a low-pass filter (150) for eliminating a high 
band signal, and a differential driver (160) for inputting the 



wo 02/30075 Ai MMMIIM1MHMM1 



analog signal passing through the low-pass filter into a twisted paired cable (300). The receiving side (200) is provided with a 
low-pass filter (210) for eliminating the noise from the signals passing through the pair of wires of the twisted paired cable, a receiver 
(220) for receiving the signal passing through the low-pass filter, an A/D conversion section (240), a digital filter (240), a judging 
section (250) forjudging the signal level of the received signal, a decoding section (260) for decoding the signal level to received 
data, and a synchronizing section (270) for generating a clock. 
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ro i u riik rooi. r i o i ^ i-ttr s- te-f-a ., 

z.<D£?iz^ liftoff 
nx < %m %-<Di/^tf/v&m%.-?% Z>(D~0. Iftl l o o 
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H^tb-rs, tfc^ot, sit m i o o-ei*. mjE^Hi^^^xfo 
z&ffif&ftz&m-tfr&J: < . ^f&M ioo t&mm 2oot 

LTfciV\ |g 1 2®{4. ^J^ftlS^2 5 0<7)jgiJ<D*?Sj£M&^ 
25 UTt^a y^ia-Cfca, C <D^\ £&93|S 2 5 0 ft, M^^^WV, 7 s 

?riaiti-6tfffi£fBti^2 5 3 in «t «9#^^tL-rv^s 0 

HBfM/g&SSSfl 2 5 1 (J, 5* -C *?9As'7 4A>9 2 4 0 Srili® UfcfE 
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^vm^ i"<jvbmm&fcn 2 5 3dSflB*i-5tKrii[©m-^v^</ui:© 

5 O^igS <t t hfc.fflfc&feU 2 5 3 i£&&(D4g-%rl"< A* 

^fcffiStSffif ^MO^H0, jfi*Sfc^^#A'^>f 5 

ii fill z>B3 fit <angi$?I£ 0 t> l . 5«fcfco-cv;&r.4: ^tufft5„ 

tst, n3{tw^gi§P2 5 i i-immm^mm^m^^xmm.^ 
25 ^('=fr ? , tbfc^> sat ^tcm^-*mm&m-$-z> 
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10 fco^-C^bitfl^ ASK (M£fll) ^6 4 QAM (0C^ti4iaSff 
(fH&©ffi*fl£2) 

$5fflsg7JS&i^bft#©$saffi9>g, m*<nffi.mmi l^^bit* 

1 9 JJCfcl^ bft*<0$SH3l 2 4 Jg, m#©t&B!£ 26|, ft*© 
«Sffl!&2 7^K:^^©eiH^#<b^m> *3<fctflt*©$5ffi0 3 oig 
25 £fcteft*©«&B!g3 l«|c»*©«^«feSr*J6©^1iS2i It, 



-I « 
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5 #<Z) 1 <D^j£&jE&#£3!r$iim£ii:5:r^ ^^/ix^^/l^^ 1 3 0 t s 
?4 J\>7 j;\># 13 0 £riii&L7t: 2 If y hf-^^Ttn ^^-5§- 

i-^a— ^x^^f/U^ 1 5 0 t, p— 
eSlg-efcS^ ^ h^Tjgfi3 0 0 Wit 5 

10 »JH«*iL-CSIttW*-t-ailtt K7^f/< 1 6 0 fc, *j#£*l-C^ 

— gffiffi!l5 0 0*i. * h^TB3 0 0 <^^^<75j^^oV>T 

a— ^^7^/i'iJ r Sril38bfcO-^SrSflri - S3g»^^— ^2 2 O t N 
15 Sfff L7t{f ^SttV v?^/Hbt5A/D^2 3 0 t % BrJ£tf>JS« 

i?^7^/^ 24 0t, gmbfcff 

10<>: s v^tf/uSr 2 if y TA-x — W^- 

infill 4 o oKi Vfcm-tz^jirtMa^-te. S1\ ^!)7M 

7 Wl^&|?&4 1 0 KlA7j£ft£ 0 y T;^'?? U/v^i4 1 O "C 

25 %LmL.tcT-*m& 2 tr y ffejcifc t fe N rooj, rou, ri 

oj, riu (D4m<D^^^^^m^\^, n-%-<£&4 2 0^5. 

-§-fcSB4 2 o-ett, ^ttfeo7tv^7K/^^m-^v-^</w r- 7 j, r- 5 j, 

r— 3 j , r-ij, r+u, r+3j, r+sj, r+ 7 j ©sloi^i/ 



.1 •< 
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l/^Kd^^b^tVfcm^-l*. t*w 9 J9fi''74A'9 1 3 0 >9 . *s 
Z/iSjVU— h(D2<%(D 1 ± <Z> Ji 3* & 3s D/A^&§fl 

mm<omi£.<D&.te^it 200^11^1, h^rgi3 00c 

10 fftfftoff -3- u^^ti-im^^m-^u^-^^t 5 «fc 9 K:«F^b$tvCV> 

fflii 5 0 0 -e» % * h^Tfo 3 0 0 <DM^<Dmz x v 

15 G>ft-JHHr#0-©>' ^X&B&ifeL^l!} 2 2 0 !)S«t5o 

^rL-c, z<vm ^-za/d^Uz 3 o »c j: \> t*^ z??j\«fcTZ> 0 r. 

^-C, ^SJ&JlSiS 2 7 0 fi, i/VJi?;l/^^>y : /tA/DM2 3 
20 A/DMi2 3 0^S, t^t, A/Df^2 3 0tft, 

25 fc-JMblflSS 1 Ott, ^ ^tK/w* ^ * ^ ^t*-^ ^ y ^ ufc 

{t-^-tDft •e-v^/i/^ roo j, rou, rioj, r i i j <d^<d^z^^ 

s<7 7VHKtfefB5 2 0 fi^tt&ofc v-^xK/W^r 2 If y h O 
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5 4Btt, «F*fl5«M 2 0(0fl|)^=lr^-r^n y^BB"eJfe5, IB 1 

4H1C35*-*- J; 5 «F#fls«s 4 2 o rat, HlffirteiEF-iHfc Ufcffifi-J§-U"< 

rou, rin, rooj, rioj *-*v t'y^t 
u^/w&^i&fc-T 5/ ^y^f-^;H 2 2 > t&fB^-^-<^^ 

10 1&SB4 2 1 tetttft&ttTV^'Iftia XXfiisV T ;Vs<7 Wl^&gfl 4 1 0 
^b<0(i-^|e:S<5# N ^r>y tfy^f-y;H 2 2 £ # RB L T «F -JHfc «■ 
3«r?r5ra#aE«9S4 2 3 t, |E J; «3 iftjft $ frT V> 5 „ CL^T?. tfftil 
# W-<yHBitlFR4 2 1 ©IMtttt:^ -f /v* 13 0 JciUff^ 

15 ^ytfy^- ://v-4 2 2 tt N »1 50tcAflc«iJtert*4r*UfcJ: 

> >- jk/i, j§ »c _t& ^ # « m % is^as t . r & m & <d m -s- ^ t * 
£9, ^(B-rsflr-^w^trjfci&T^ao m -§-f£msis4 2 3 r 

20 />-/<7V/vi^4 1 oiOSfttfc^^^i, tilt i-<;wE 
1tgP4 2 1 tfS&l^i-Sltu'ff -?i-i^;v<£> 2 ocdH^X^vnt, y tr> 
?T — zfji'4 2 2 i^iaot, a6flr-*"Sf?*U^^«r* 

Jfeb, i^^^7^;^ l 3 0 tci£flH-5o NHi:iH^^MB 

25 v>5m#- v^^Sr^b.^lHl^f LfcflT #^'<^«r0rfcteff:«p-t-a o 

3&4a_0..J;^^ 

iX^jiOP rooj £r^lbfcB*£-t\ l^/HBttSP 4 2 1 kc ft 

m^rU^./l^ r- 1 j W^ilt^5it5, ff#^&g|54 2 3 ti. 
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tfOw roo j iMft^-v-^^ r-u t <7? 2o<^*sj; > ant-raft 
^•t^/w*: r+ 7 j t^£U A fr? l 3 o \zmm-fZ>o 
l^i^^H«m#^'<yvia{i^4 2 i «^:^i-attrm-^w^^«r r+7j 

£rSlf U<H-5§-^&g|5 4 2 3 fci^>;y 2 2 ^#^b"C, 

^m^yif^v fioj iifff y^ r+7j t(c:«t«9 N mit-tzm 

r— 3 J k&feV, =f 4 V* )V~7 j 13 0 t5„ 

P^^grif w-</i^iElt$is 4 2 i -r 5 ft #i/-< r-3j (c: 

10 mm-tZo ^roi 9 ^{1-^-^^135 4 2 3 l±, Y5/fy^r-^4 2 

WB^ r+u, r-5j s r+7j, r-7j N r+7j t^^ts. ul_b<D 

n - 1 # S <D i/^tf/Ufatb n + 6 # @ O $/>2£/W£*j-J& Ltf^v 5 ^ 
^7^;^ 1 3 0^,Hm$tL6m-^^-</Him 1 7 HK^-f-J; 5 l-s 

m 1 8 0f*^-5HhgB5 1 0 (Dmf&ZTjk-ts'v v?mx~thz> a Ml 8 

25 t5^y^HlSLtSW5fttiHSl55 1 4 t . m%r&&U 

^te^ikXJkva^ _ 
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•tz>j7m<DM*mmi-z> 0 ^-rmmm4 o oxm^-^^/^ r+ 7 j ^ 

10 fc#^CDm-^l^-</K^^^{ii:^± 2 8 T'fcS^-^. ©J£fft+ 2 8 ^ 

(2 8/7) /2 + (2 8/7) X n (n = l, 2, 3, 4, 5, 6) 
- (2 8/7) /2- (28/7) Xn (n=l, 2, 3, 4 , 5, 
15 6 ) 

mTz>b, m^i^-<^m^mmmun^ 5 1 3^t5iii, 12 
wvx^^mm^m^s.m.b, w&<o^>^^^^ s; ^yx-^m^tcm 
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fg2 1 Lfc^c© £ ^*v«rflr#ae**BS5 l 4tc^m 

jEmmftns 1 1 itc^t-r^o 
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10 L<<g3£-C£5o 

y \fl/?*r — zfj^A 2 2 Sr. |2 3 EH^-f y V^ify- — ~7~)Vk 
20 ^2 3BOTy fcTV^y— ^/Hi, ^^/H/l'tWl. 5{£<£>{f 

Tfi a» $/ > li o x- w ft -$§- V'^/i' tc , &&<Di/^i$jum 

25 -f-Sff ^^/V^^fcTV^, 

_i^X--:^k-4_2_2J^^^ 
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5 4 0<D Wstf/VSr 6 ocolf lx^<;P kit yk'y^Ltt^v^, 

(*jg<Dj^ii3) 

312 6|^{S, *^!SO?g«B3fc«t5Tg|flrfll6 0 0*5 J: 7 

Jfe i> Wl^*&£fl 4 10 frdA^-f 5 * ^ 7 >^ 9 6 1 

0£<§;t, Stefll 5 0 0 Sff Lfc^— ^ t^^^HTV^ ^ ^ 7 > 
^'/I'StAK -t**^ 9 ^7 7 10 & it 3. 

MmnM.m^3j^ ±j5 mtm^ 
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£f\ 3§2 70K: N 4lOv'y*>^ 8 fit<D'fB-§-l'"</Wc:-r y If V 
^-r^m^-^^^^-To f&2 7EU-£5^T, fi^l^A^ 70 1*5i 
5 tMf#U~</V2 7 0 2 ft. #^^^/H§lffi(C*5V^-C-^ y fV^^tl? 

7tV/t5t^ !^f, Tfe4fitWff #U"<yl/2 7 0 1 i±^4fi 
<£>{f# 1^/1-2 7 0 2 t Sr^StCl^ffli-^ £ P fc?^ fc'^U fci* 

10 >-^^05a^©^C© 2ffiP[C^fe^V>{f^- y t°^i/-f5^ 

fi,6H£ff -5§-Kl^ a y y ^ £^T*# ft irt>fc5„ 
^2 8 11^. 4#:<DiyV/K;^$r 5l[60ft-§-l/^/V^^y tf ^ 
^-r^^^-W01l^^i- o ^2 8H^*5V>X, IS 8 0 1 fiiiC 
M^^^A-JlgJl^v^T-?- y t? >- ^ $ frufc-fs w^/K ft W"</u 

15 28 02 — 28 0 5lt <g- f V>#/Wji$| \ZL *5 T ^ y t° ^ y* $ tl 5 £ 

^>^t5i^ ^28 (a) HK:^*?^ Mt5f^^^^ 

^— riooij ot^tffcsi, fcfc:^ cff-si-i^/M^ 
20 &v% 0 *fc s i28 (b) ig^^-ri^j-s &m t-s-r^ 

r 1 j ©S^tfc5i^, m^LT»^5 y n y ^J&#<kte>M:ie 
(Of uy is tiZ>Z.tK t£Z>o ^tt^O £ ? e^lS-§" 

(£y n y y Jf&#tf*#m£*LTVN&V^^ y P y ^I5£g&fc:<fc y y n 

<Dmm*%LZ>z. tt>x^-r, a/d^&3B2 3 otesmfi-^&i*- 

;&JdtemtSJ3j^ 

^/i^ifei-fc^-cfc 5„ ^ttftnett, ^(omn^^m. 
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~t%tth\Z^ 7 s — ?(Dm&l&, TA, B, C, D, E, F, G, HJ 

x-hzm-fr, r a = e j > r b = f j N rc = Gj > rD = Hjj&sifefcbfcv<» 

%$29m\Z, X^y^T'? 6 1 0(0»^^*f o ^(D^V =7 
5 6 10(1, MtSf-f^^^f-^f', i£fr7*-*a»e>5ufcLfc7* 

0*9, 35l<D^#gB6 1 x^ y^/HSrlfeLfcT*— * 

10 LTV^m-a-f^ [X] tfyf*»v?6i2Sr rij An3* U — ®:b 
fcvv»<g-tt Cx] tr 5/ yjj v 612 <Dfit^ r o j ^-r& 0 r. ~ -e> 

2 0©^— JfflS— gfcf 5###*ttbTgHv [X]fy b;fr 6 
1 2^7^ (£fcTy h*s r 1 j) fc: ft o — 
^ 2 6 1 3 icmiJ-rZ* *VXs $5 2 cDg?#£tf 6 13lt X 

15 * ^ ^/W&Jfci-T*— * T (0) 3 try M&©?»— * T (-3) 

£ N 2 0lfj/ FiOf'-^T (-2 0) lC«fc<9. 
T (0) =INxorT (-3) xnorT (-2 0):(MA), 

20 $rJfi-*% 

-7**^ 7 1 0tf>H£j&$:!&3 oSCSt. 

<£>^^£§B 7 l 1 lei 19 . ^^yi'&fl^fcf*— *#ia>ib % i5f5fetf> 

25 V— 4 If y hffi<D7*— 9 t SrttittlU -tftb© 2o©r-^s 

LxJ. tr_y„b,£ -7 ;x£ 7iil..r 1J v>.#^f4 [x] 

try h^7^v^7 1 2<^ift§r roj ct5o i^-e, 2007^^5 

-tt5Mi5i^LTin, [X] try b# ?>-y- 6 1 2 i?7/U 
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\fy h& rij) ^/jjofc^lJKD^, -SctfcWfB^-S:, ^2©jgl«|i 
7 1 3(Ctfi^^-6 0 %z LT\ I2^»^7 1 3Wt % * * 7 ^^fc 
Jfe^-X-^T (0) £ % 3 t*y MJl^Ilfcf-i? T (-3) K 
2 0 tf y hffitfeiLfcr-*T (-2 0) , J; t) % 
5 T (0) =INxorT (-3) xnorT (-2 0) : (MA) 

^_hco£ 5fc*IIJfc<z>7T^3 te J: SfiaiUff *5£tf3Hi 
^P«f3SSri£-ro-C N SUfl-rST*— #*I«Utn Dtil^ftfcfcl** 
Sim^-Sx-^^Jd^^fi-S^-^ t 4 tr y Miff©?*-* 

3§Kl^ n y^^Sr#fi-t-5i fcas-e£3. * fc> sift ffl!) t Sffl" £ 

20. M^lftk^UfcT*— (-3) 2 o try hfltrfc&aufcT*— ?T 
(-2 0) t \c X mbcOT 5 — ^f^RB^i-S t CDT- 

^MCMlfcT^^T (-3) 2 o if y hMfc:*Q ; 3Sb7 % c7 ^ -- 
25 (-20) tiaom^Lfc^, -nb<Dir~fncmj£-f%h 

tl&o _ _„_.. 



I -1 
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f& 3 i igtc^-r ± ? K^nm©?^ 3 tisf^f ^^/vf-^^ 
5 ffgigte, x-^^gm^fMf s^gft wwi 3oot, X- 

^tf^f** iU?gff Srfr ?7*-*^g{f£B 1 4 0 0 ^ii9«^c$ 
zr-f-fe^mn 1 4 0 out 1 m^^urb^V ^^/Vx-^{KiH^ 

*<£>i£fHl!j 10 0 ^gfliffl 2 0 0 <t £^j^UfrV^tfMd&o-C*5 «9 , 
10 2<i:4tt^&gfl 1401t, #-S§"M 1 4 0 2 t, 7-V ^^7^/1^ 

^ 1 4 0 3 i: , D/A^&£& 1 4 0 4h d — 7 W A-^ 14 0 5 
1^*7^^1 4 0 6 ^ 0-/^7^/^ 1 4 0 7 ^ 1 

4 0 8 <b , A/D^&gB 1 4 0 9 i:, r>f -J ^ fry 4 fr$ 1 4 1 0 t 

. ifclj£*Q.S» 1 4 1 1 £ N 'fe^-U 1 4 1 2 t % P^&SgB 1 4 1 3 <t 
15 x J; *)*fifc$*U-CV'>5„ 

ft noon f-^m^mu uootio sfs bfcx— * 

1 4 0 0<D 2m.4M.^m^ 14 0 1 ('A 77 HoSlfl L 

1 3 0 0S, ^IfPcfc 9 ATJ^ns^lfB x— > £IS2!fa1-£x-*K:^ 
Its T^-^StS-faSP 1 4 0 0^t£V) n f-^tSfl^ 1 40 0ia 

25 jgigg £ b fc^l 1? 5 „ [^S^feVNT, 1501, 150 2, 1503 
tt, 03 1 Ba&gflTffilttffil 3 0 0 fc|ia«<&«jfc©a£gm*l#aB, 

-1 _5.0_.4_,. JL.5_.0_5_.. .X.5.JDLJ5JA^^_l_H^^ri^i^iti^L.4.0.. 
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#i£gff mm^ 1501-150 3T:fi, r Ki^f Jl&i?iHB± 

&m<D®.m&ft? ( , #x-^^g{tsp i504~i506 atgflt 

5 fflfflUffll 5 0 1~1 5 O 3 (7>x-*OfciH£ff 5. 

10 #36WW\ x^*^?*— ^SrgHttfbL, as>ttL.TI*ICflMi-l"</i'«: 
i: Us 3 0MHz^T«W-e©M/^X^, fit* A* 7 

15 -s^cD-efc^o 
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it ^ <d $s m 

» k 7 -r /< «t , 

* o in k o m & m & m -*§- ic m m -r s m » ^ v- - £ „ 

> Sr#4> _ 
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15 4. »^O^ffl^3 Sl:tBt©7^ ? fcmmW.\z.&^X , 

25 retime t^/^^oft^^/W^ T&tf>{B-5§- u-^/wJ: I? 

oi, li, oo, i o confix v mxxw-^it-r^^ 

Z- t*MWt.k-tZ>y*j $JL te2l.SS.1K, 
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5 fl-coff -^i^/Wc, Tt©fl-f l/^/i'J: 19 0 1 , 11, 0 0, 10© 
15 8. ft*O^ffl^3^^V^bft*cD$5Hm7^(0V^i 2 H^^^|Bm(D7 :^ 

JifBfSF-SHb^jgfi, 5: i/yknistf % is i/tf ji- 

lt , ±iat&^-^ u^/um^^mn-r -5 ±.is^m-^ I/^M£*f U X 

1 Q .. it 3fc Q Jfi if 3 5^V^U It T^JS.KM 9. ?I <??V x if tV.^iv IBil .© 
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jzummt&m&mt*, ^mm^ ^^>^A^mn<o2 ijbjw % 

5 *s^"ftA'9 4 5: ^SrfM^-rs, 
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- 1 zftrnt-tzTj w^T'-zfemmw.* 

LMM l .©5* ^ A? ±M ltd*, h^TM^MJri §.# 
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io JtlBSg 2 (Dfj */$}vy 4 }v$ <nmti £ 9 ^ ft V/^/v^'g- 
astern^ u K&zy At)£frzi&mir'-?&wmm7 : --*^grm\, 

19. v^/vx— * ##tf>t^;/ hl&£r* t #>X l ->y^vi; 

25 ^ t zwmbi-zm&&n-&4kx& e 

jb <5 yyw^H. l^j^&&t££J&^ ^ tfjy.k £f_±fl| * p^/*" 
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2 2. tt3fctf>$£HSf|l 9 3£^bff#tf>$5BS 2 l Jgo^-fti^KfB 
10 f&wfci£^-^fb;^c*iv^ 

^^^©SiOtS:, 1 v'Vtf^&fc 19 2 try 

2 3 . If 1 9^^VNLff*tf)$£fflfl 2 2 3j<^v^-f ^^M-IB 

1 v^^A-fefc «3 2 If y hf-^ TtiLtDm^-U^/Vk V) 0 1 , 

li, oo, i o<o«stc s ff-5§-v-</wc#i9 

2 4 . m^(0^m% 1 9**V>U»*0«fiHSB 2 2 9(©V>*f tt^KHB 
20 «<oe^lKf3F#^ifelc:*5VxX, 

25 2 5. »*©<6ffl»l 9q^^V^Lffl^^©*SBB^(f 2 4««V^-f^*MCgB 

k^/^t^...j/..y.^/k®II©I..i..*) — o.#v>> 
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5 i&tDte^i&^^b^sfeki&^-c, 

2 8 . mxcommm i 9 bur^asa^ 2 7 jjtfc^-rftaM^iB 

15 ii^#ttt5feMTO*)fe 0 

A* % */ is # /u \z. { b -r s , 

w 4: ^r#m^i-2>m#^^o 
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